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11 M. incognita	 isolates	across	Brazil	that	covered	the	four	host	races	in	replicates.	
By	aligning	the	genomic	reads	of	these	isolates	to	the	M. incognita	reference	genome	
assembly,	we	 identified	 point	 variations.	 Analysis	 of	 linkage	 disequilibrium	 and	 4‐











are	 the	 most	 economically	 harmful	 species	 in	 all	 temperate	 and	









over	 the	 world	 also	 extend	 its	 geographical	 distribution	 (Sasser,	
Eisenback,	Carter,	&	Triantaphyllou,	1983).	Meloidogyne incognita is 
so	widely	distributed	that	it	is	not	even	included	on	the	list	of	regu‐
lated	pests	(Singh,	Hodda,	&	Ash,	2013).	Due	to	its	worldwide	dis‐
tribution	and	extremely	large	range	of	hosts,	M. incognita has been 
deemed	the	most	damaging	species	of	crop	pest	worldwide	(Trudgill	
&	Blok,	2001).
However,	 it	 has	 become	 evident	 that	 the	 whole	 broad	 host	
range	of	M. incognita,	 and	other	major	RKN	species,	 is	not	pres‐
ent	in	all	the	individuals	within	the	species	but	that	different	“iso‐
lates”	have	different	and	overlapping	ranges	of	compatible	hosts	
(Moens	et	 al.,	 2009).	Variations	 regarding	host	 range	within	one	
given	 species	gave	 rise	 to	 the	 concept	of	 “host	 race”	 as	 soon	as	
1952	(Sasser,	1952).	Although	RKN	species	can	be	differentiated	
based	 on	morphological	 descriptions	 (Eisenback	 &	 Hunt,	 2009),	






Host	 Test	 (NCDHT,	 (Hartman	 &	 Sasser,	 1985))	 to	 differentiate	
races	within	Meloidogyne	spp.	In	M. incognita,	all	the	populations	




associated with M. incognita	 races	 remains	unknown.	 Indeed,	no	
correlation	 between	 phylogeny	 and	 host	 races	was	 found	 using	
RAPD	and	ISSR	markers	 (Baum,	1994;	Cenis,	1993;	Santos	et	al.,	
2012).	 A	 different	 attempt	 to	 differentiate	 host	 races	 was	 also	
proposed	based	on	 repeated	sequence	sets	 in	 the	mitochondrial	








terns	 has	 been	 identified	 so	 far	 (Castagnone‐Sereno,	 2006).	 This	
lack	of	 phylogenetic	 signal	 underlying	 the	host	 races	 is	 surprising	
because	it	would	suggest	multiple	independent	gains	and	losses	of	
host	compatibly	patterns	despite	clonal	reproduction.	Theoretically,	
animal	 clones	 have	 poorer	 adaptability	 because	 the	 efficiency	 of	
selection	 is	 impaired,	 advantageous	 alleles	 from	different	 individ‐
uals	cannot	be	combined,	and	deleterious	mutations	are	predicted	






hold	 true	 only	 if	 this	 species	 actually	 reproduces	 without	 sex	
and	meiosis	while	 presenting	 substantial	 adaptability.	 So	 far,	 no	
whole‐genome	level	study	conclusively	supports	these	tenets.
A	first	version	of	 the	genome	of	M. incognita	was	 initially	pub‐
lished	in	2008	(Abad	et	al.,	2008)	and	resequenced	at	higher	reso‐
lution	in	2017,	providing	the	most	complete	M. incognita	reference	





the	 genome	 was	 effectively	 haploid.	 The	 genome	 structure	 itself	
showed	 synteny	 breakpoints	 between	 the	 homoeologous	 regions	
and	some	of	them	formed	tandem	repeats	and	palindromes.	These	
same	structures	were	also	described	in	the	genome	of	the	bdelloid	
rotifer	 Adineta vaga	 and	 considered	 as	 incompatible	 with	 meiosis	




validation	 for	 these	 structures	has	been	performed.	Hence,	 so	 far	
M. incognita	and	thus	to	its	high	economic	impact.	This	surprising	adaptability	without	
sex	poses	both	evolutionary	and	agro‐economic	challenges.
K E Y W O R D S
agricultural	pest,	clonal	evolution,	host	races,	Meloidogyne incognita,	parallel	adaptation,	
population	genomics
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no	 information	 about	 the	 genomic	 variability	 between	 different	
isolates	was	 available.	 Recently,	 a	 comparative	 genomics	 analysis,	
including	different	strains	of	M. incognita,	showed	little	variation	at	
the	protein‐coding	level	between	strains	collected	across	different	










isolates	 at	 the	whole‐genome	 level	 and	 (c)	whether	 these	 varia‐
tions	 follow	 a	 phylogenetic	 signal	 underlying	 life‐history	 traits	
such	as	the	host	compatibility	patterns,	the	geographical	distribu‐
tion	or	the	current	host	crop	plant.





with	 DNA	 extraction	 and	 high‐coverage	 genome	 sequencing.	We	
identified	short‐scale	variations	at	the	whole‐genome	level	by	com‐
paring	 the	M. incognita	 isolates	 to	 the	 reference	genome	 (Morelos	
strain	from	Mexico).	We	conducted	several	SNV‐based	genetic	anal‐
yses	to	test	for	evidences	(or	lack	thereof)	of	recombination.	Using	
two	different	approaches,	we	classified	the	M. incognita isolates ac‐
cording	to	their	SNV	patterns	and	investigated	whether	the	classi‐




lutionary	 questions	 such	 as	 the	 nature	 of	 asexual	 reproduction	 in	
this	animal	species.	We	also	clarified	the	adaptive	potential	of	this	
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This	 resolution	 has	 important	 agricultural	 and	 economic	 appli‐
cations	since	crop	rotation	and	other	control	strategies	should	take	
into	account	the	adaptive	potential	of	this	nematode	pest.
2  | MATERIAL S AND METHODS
2.1 | Purification and characterization of 
M. incognita isolates
The M. incognita	isolates	(Table	1)	originate	from	populations	col‐








3	months,	we	 confirmed	 the	M. incognita	 species	 using	 esterase	
phenotypes	 (Carneiro	 &	 Almeida,	 2001).	 Once	 enough	 nema‐
todes	 were	 multiplied,	 a	 pool	 was	 collected	 and	 we	 performed	
the	North	 Carolina	Differential	Host	 Test	 (NCDHT)	 (Hartman	&	
Sasser,	1985)	with	 the	 following	plants:	 cotton	cv.	Deltapine	61,	
tobacco	 cv.	 NC95,	 pepper	 cv.	 Early	 California	 Wonder,	 water‐
melon	 cv.	Charleston	Gray,	 peanut	 cv.	 Florunner	 and	 tomato	 cv.	







rated	 for	 each	 root	 system.	We	 assigned	 a	 rating	 index	 number	




an	 average	 gall	 and	 egg	mass	 index	 of	 2	 or	 less	 are	 designated	
nonhost	(−).	The	other	plants	(index	≥	3)	are	designated	hosts	(+).	
We	 categorized	M. incognita host races based on their ability to 





2.2 | DNA preparation and SCAR test
For	each	characterized	nematode	isolate,	we	extracted	and	purified	
the	genomic	DNA	from	pooled	eggs	with	the	supplement	protocol	




tion	 on	Nanodrop.	We	 confirmed	 isolate	 species	 purity	 by	 SCAR‐
PCR	 (Randig,	 Bongiovanni,	 Carneiro,	&	Castagnone‐Sereno,	 2002;	
Zijlstra,	Donkers‐Venne,	&	Fargette,	2000)	using	the	SCAR	primers	
specified	in	Table	S6	for	the	RKN	M. javanica, M. paranaensis, M. in‐


















on	 the	 UCA	 Genomix	 sequencing	 platform,	 in	 Sophia‐Antipolis,	



















sent	 cases	where	 two	 of	 the	 three	 homoeologous	 loci	 have	 been	
collapsed	 during	 the	 assembly,	 probably	 due	 to	 lower	 divergence.	
Such	regions	will	systematically	be	responsible	for	“artefactual”	0/1	
SNV	 (presenting	 variations	 within	 isolates)	 as	 the	 reads	 from	 the	






















2.6 | Genetic tests for detection of recombination
We	used	custom‐made	scripts	(cf.	Data	Accessibility	section)	to	cal‐
culate	 the	proportion	of	 fixed	markers	passing	 the	4‐gametes	 test	
and	linkage	disequilibrium	(LD)	r2	values	as	a	function	of	intermarker	
distance	along	the	M. incognita and G. pallida	genome	scaffolds.
2.7 | Genetic diversity between isolates, 
clusters and efficacy of purifying selection
We	 used	 bpppopstats	 from	 the	 Bio++	 libraries	 (Guéguen	 et	 al.,	
2013) to estimate the nucleotide variability at nonsynonymous and 
synonymous	 sites	as	well	 as	efficacy	of	purifying	 selection	 (πN,	πS 
and πN/πS)	 using	 a	 multiple	 alignment	 of	 the	 coding	 regions.	 We	






sification.	We	used	 the	 filtered	VCF	 file	 as	 input	 in	 the	 statistical	




Mathieu	 et	 al.,	 2017),	 we	 selected	 85,413	 coding	 positions	 that	
contained	synonymous	or	nonsynonymous	mutations.	We	aligned	
these	positions	and	then	used	them	as	an	input	in	SplitsTree4	with	
default	 parameters.	 The	 resulting	 network	 produced	 a	 bifurcat‐
ing	 tree	 that	was	 identical	 to	 the	one	obtained	with	RAxML‐NG	
using	GTR+G+ASC_LEWIS	model.	The	bifurcating	 tree	was	used	
as	input	to	PastML	(Ishikawa,	Zhukova,	Iwasaki,	&	Gascuel,	2018)	
for	 reconstruction	of	 the	 ancestral	 states	of	 ability	 to	 parasitize	







2.10 | Test for association between biological 















each M. incognita	 isolate.	Then,	we	assembled	them	independently	
using	 the	 plasmidSPAdes	 assembly	 pipeline	 (Antipov	 et	 al.,	 2016).	
We	extracted	 the	mitochondrial	contigs	based	on	similarity	 to	 the	






3.1 | The M. incognita genome is mostly haploid and 
shows few short‐scale variations
We	collected	11	M. incognita	populations	from	six	different	states	




lates were actually M. incognita,	we	characterized	their	host‐race	
     |  7KOUTSOVOULOS eT aL.







sample,	 identified	 338,960	 polymorphic	 positions	 (~0.19%	 of	 the	
total	number	of	nonambiguous	nucleotides).	Around	20%	of	 these	
positions	 corresponded	 to	 1/1	 SNV,	 fixed	within	 each	 isolate	 but	
variable	 between	 at	 least	 one	 isolate	 and	 the	 reference	 genome.	
We	examined	the	distribution	of	base	coverage	of	SNV	fixed	within	
isolates	 (1/1	 fixed	SNV)	and	SNV	 that	presented	variations	within	








copies	 that	were	collapsed	during	 the	assembly	 (Blanc‐Mathieu	et	



















ary	 important	 claim	 has	 never	 been	 confirmed	 by	 genome‐wide	
analyses	so	far.	Using	the	fixed	SNV	markers	at	the	whole‐genome	
scale,	we	conducted	linkage	disequilibrium	(LD)	analysis	as	well	as	
4‐gametes	 test	 to	 search	 for	 evidence	 for	 recombination	 (or	 lack	
thereof).	In	an	outcrossing	species,	physically	close	markers	should	
be	in	high	LD,	with	LD	substantially	decreasing	as	distance	between	




crease	with	 increasing	 distance	 between	markers.	 By	 conducting	
an	analysis	of	LD,	we	did	not	 find	any	trend	for	a	decrease	of	LD	
between	markers	as	a	function	of	their	physical	distance	(Figure	2a).	





exist	 in	 two	states	among	the	11	 isolates,	 the	proportion	of	pairs	
of	markers	that	pass	the	4‐gametes	test	 (i.e.,	that	represent	the	4	
products	of	meiosis)	should	rapidly	increase	with	distance	between	
the	markers	 in	case	of	 recombination.	 In	contrast,	 in	 the	absence	
of	 recombination,	 no	 trend	 for	 an	 increase	 of	 the	 proportion	 of	
pairs	or	markers	passing	the	4‐gametes	test	with	distance	between	
markers	should	be	observed.	By	conducting	an	analysis	of	2‐states	
markers,	we	observed	no	 trend	 for	a	change	 in	 the	proportion	of	




F I G U R E  2  Linkage	Disequilibrium	
and	4‐gametes	test	of	M. incognita (a) 








(a): on M. incognita	scaffolds	and	(b):	on	
G. rostochiensis	phased	haplotypes
(a) (b)




atode Globodera rostochiensis	 (Eves‐van	 den	 Akker	 et	 al.,	 2016).	
Because the G. rostochiensis	genome	assembly	mostly	consists	of	
merged	 paternal	 and	maternal	 haplotypes,	we	 had	 to	 phase	 the	
SNVs	 before	 conducting	 LD	 and	 4‐gametes	 tests.	 The	 results	
were totally contrasted between M. incognita and G. rostochien‐







Hence,	while	G. rostochiensis	 appears	 to	display	all	 the	expected	
characteristics	of	meiotic	recombination,	this	was	not	the	case	for	
M. incognita.	 This	 validates	 at	 a	whole‐genome	 scale	 the	 lack	 of	
evidence	for	meiosis	previously	proposed	based	on	cytological	ob‐
servations in M. incognita.
3.3 | The SNV between isolates are sparse, rarely in 
genes and not specific to races
Each	isolate	showed	a	different	level	of	divergence	from	the	refer‐
ence	 genome	with	 R1‐2	 having	 the	 highest	 number	 of	 fixed	 SNV	
(41,518)	 and	 R1‐6	 having	 the	 least	 (17,194)	 variants	 (Figure	 3).	
Furthermore,	even	though	the	R3‐4	isolate	originated	from	a	pool	of	
four	populations,	the	low	number	of	SNV	compared	to	the	reference	
indicates	 either	 that	 the	 genomes	 of	 these	 four	 populations	were	
very	 close	 genetically	 or	 that	 a	 specific	 population	 displaced	 the	
other	three	(Figure	3).	Thus,	the	R3‐4	isolate	was	analysed	exactly	
as	the	other	isolates.	Overall,	the	fixed	SNV	on	the	nuclear	genomes	
























tiple	 alignment	 and	measured	 nucleotide	 diversity	 at	 synonymous	
(πs) and nonsynonymous (πn)	sites	for	the	11	isolates	as	well	as	the	
πn/πs	 ratio	 as	 a	measure	 of	 the	 efficiency	 of	 selection.	Consistent	
with	the	overall	low	number	of	SNV,	the	πs value across the 11 iso‐
lates was low (1.29 × 10−03).	This	 is	one	order	of	magnitude	 lower	
than	the	values	measured	for	two	outcrosser	nematodes	from	the	
Caenorhabditis	genus	(Romiguier	et	al.,	2014),	C. doughertyi	(formerly	
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sp.	10:4.93	×	10−02) and C. brenneri (3.22 × 10−02).	A	similar	difference	
of	 one	 order	 of	magnitude	was	 also	 observed	 for	 the	 diversity	 at	
nonsynonymous sites with a πn	value	of	1.66	×	10
−04	for	M. incognita 
and	values	reaching	2.53	×	10−03 and 1.28 × 10−03	for	C. doughetryi 
and C. brenneri,	respectively.	However,	the	πn/πs ratio was substan‐
tially	 higher	 for	M. incognita	 (0.129)	 than	 for	 the	 two	 outcrossing	
Caenorhabditis	 (0.051	and	0.040	 for	C. doughetryi and C. brenneri,	
respectively).	These	results	suggest	a	lower	efficacy	of	selection	in	
the	obligate	parthenogenetic	M. incognita than in the two outcross‐
ing	Caenorhabditis nematodes.
3.4 | There is no significant association between the 




is	 represented	 by	 isolate	 R1‐2	 alone,	 which	 has	 the	 highest	 num‐
ber	of	variants.	Cluster	B	is	constituted	by	R3‐2	and	R4‐4.	The	rest	
of	 the	 isolates	 fall	 in	a	 single	dense	cluster	C	of	overall	 low	varia‐
tion.	There	was	no	significant	association	between	the	clusters	and	
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the	host‐race	status	 (Fisher's	exact	 test	p‐value	=	1,	Appendix	S1,	




lected	 (Fisher's	 exact	 test	p‐value	 =	 0.69,	Appendix	 S1,	 Table	 S4).	
Interestingly,	the	four	different	host	races	are	all	represented	in	one	







between	 these	 clusters,	 we	 calculated	 fixation	 index	 values	 (FST). 
Weighted	 FST	 values	 between	 clusters	 were	 all	 >0.83,	 suggest‐
ing	a	 lack	of	 genetic	 connections	between	 the	clusters	 (Table	S5).	
Using	the	mean	FST	values,	 in	contrast,	while	we	observed	a	mean	
FST	>	0.98	between	clusters	A	and	B,	indicating	a	lack	of	genetic	con‐
nection	between	R1‐2	and	cluster	B,	the	FST values were much lower 




at	 the	whole	 species	 level	 for	 each	 cluster	 of	 the	PCA	 containing	
at	 least	 2	 isolates.	 These	 cluster‐specific	 statistics	 yielded	 similar	
πn/πs	ratio	than	the	one	observed	at	whole	species	level	(Cluster	C:	
πs 3.8 × 10
−04,	πn	5.36	×	10
−05,	πn/πs	0.141;	Cluster	B:	πs 2.08 × 10
−05,	
πn 2.64 × 10
−06,	πn/πs 0.127).
3.5 | Phylogenetic networks confirm the lack of 








between	 the	 isolates	 and	 clonal	 reproduction.	 To	 confirm	 this	 re‐
sult,	we	conducted	separate	phylogenetic	analyses	for	each	of	the	
14	 longest	 scaffolds	 with	 sufficient	 number	 of	 phylogenetically	
















3.6 | Addition of further geographical isolates 
does not increase the genomic diversity and 
confirms the lack of association between genetic 
distance and biological traits 
To	 investigate	more	widely	 the	diversity	of	M. incognita isolates in 
relation	to	their	mode	of	reproduction	and	other	biological	traits,	we	
included	whole‐genome	sequencing	data	from	additional	geographi‐
cal	 isolates	 (Szitenberg	 et	 al.,	 2017).	 These	 genome	 data	 included	
one	isolate	from	Ivory	Coast,	one	from	Libya,	one	from	Guadeloupe	
(French	West	Indies)	and	five	from	the	United	States	(Figure	1).	We	








Coast,	 Libyan	 and	 Guadeloupe	 isolates.	 Cluster	 C	 that	 previously	
contained	 eight	 of	 the	 Brazilian	 isolates	 and	 covered	 all	 the	 host	
races	now	includes	the	five	US	isolates	as	well	as	the	Mexican	isolate	
(Morelos,	reference	genome).	Cluster	B	remains	so	far	Brazilian‐spe‐
cific	with	 only	 R3‐2	 and	R4‐4	 in	 this	 cluster.	 Addition	 of	 the	 new	
geographical	 isolates	did	not	 substantially	 increase	 the	number	of	
detected	 variable	 positions	 in	 the	 genome.	Analyses	 ran	with	 this	
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4  | DISCUSSION
Is	the	parasitic	success	of	M. incognita	an	evolutionary	paradox?	This	
proposition	would	 be	 true	 only	 if	M. incognita	 is	 adaptive	 despite	
having	 a	 fully	 parthenogenetic	 reproduction.	 Our	 results	 support	
these	two	properties.





in M. incognita.	 The	 phylogenetic	 network	 analysis	 based	 on	 fixed	
SNVs	returned	a	bifurcating	tree	that	separated	the	different	isolates	
and	not	a	network.	This	suggests	a	lack	of	genetic	exchange	between	
the	 isolates.	 In	sexual	 “recombining”	species,	 the	mitochondrial	ge‐
nome	accumulates	mutations	much	faster	than	the	nuclear	genome.	
This is also true in the model nematode C. elegans where the mito‐





effectively	haploid	 inheritance	 in	mitochondria	 (Neiman	and	Taylor,	








sity at synonymous sites (πn/πs)	was	indeed	one	order	of	magnitude	
higher	 in	M. incognita	 than	 in	 two	outcrossing	Caenorhabditis	 spe‐
cies.	Finally,	 under	 recombination,	 the	proportion	of	markers	pass‐
ing	 the	4‐gametes	 test	 should	 increase	exponentially	with	physical	
distance	while	linkage	disequilibrium	should	decrease	exponentially.	
This was not observed in M. incognita,	whereas	a	rapid	exponential	
decrease	of	 linkage	disequilibrium	was	 recently	observed	and	con‐
sidered	an	evidence	for	recombination	in	the	bdelloid	rotifer	Adineta 
vaga	 (Vakhrusheva	et	al.,	2018).	Collectively,	 these	 results	 strongly	
suggest	absence	(or	extremely	rare)	recombination	and	support	the	
mitotic	parthenogenetic	reproduction	of	M. incognita.
Despite	 its	 clonal	 reproduction,	 it	 was	 already	 evident	 that	
M. incognita	had	an	adaptive	potential.	 Indeed,	experimental	evo‐
lution	assays	have	 shown	 the	ability	of	M. incognita to overcome 
resistance	 conferred	 by	 the	Mi	 gene	 in	 tomato	 in	 a	 few	 genera‐
tions	 (Castagnone‐Sereno,	 2006;	 Castagnone‐Sereno,	 Wajnberg,	
Bongiovanni,	 Leroy,	 &	 Dalmasso,	 1994).	 Naturally	 virulent	M. in‐
cognita	 populations	 (i.e.,	 not	 controlled	 by	 the	 resistance	 gene)	
have	 also	 been	 observed	 in	 the	 fields	 and	 probably	 emerged	
from	 originally	 avirulent	 populations	 (Barbary,	 Djian‐Caporalino,	
Palloix,	 &	 Castagnone‐Sereno,	 2015;	 Tzortzakakis,	 Conceição,	
Dias,	 Simoglou,	 &	 Abrantes,	 2014;	 Verdejo‐Lucas,	 Talavera,	 &	
Andrés,	 2012),	 although	 whether	 this	 resistance	 breaking	 is	 as	
rapid	as	under	controlled	laboratory	conditions	remains	unknown.	
However,	 adapting	 from	a	 compatible	host	plant	 to	 another	very	









remains	 to	be	clarified.	To	address	 this	question,	we	have	 recon‐
structed	host	compatibilities	at	each	ancestral	node	based	on	the	
SNV‐based	phylogenetic	classification	of	the	M. incognita isolates 






Region Location Host plant
R1‐2 7.3 5.5 Londrina—PR Soybean
R1‐3 7 13 Piracicaba—SP Cucumber
R1‐6 1.2 7 Mercedes—PR Tobacco
R2‐1 7 15.4 Sombrio—SC Tobacco
R2‐6 7 9 São	Jorge	do	Patrocínio—PR Coffee
R3‐1 7 13 Umuarama—PR Cotton
R3‐2 14 8.3 Londrina—PR Soybean





R4‐1 6 14.7 Campo	Verde—MT Cotton
R4‐3 3 9 Londrina—PR Watermelon
R4‐4 14 8.3 Vargem	Grande	do	Sul—SP Cotton
TA B L E  2  Number	of	repeats	per	region	
(63 nt and 102 nt) in the mitochondrial 
DNA	of	each	isolate;	decimals	indicate	
truncated	repeats




host‐race	 switching	within	 an	 isolate	 over	 time	has	 already	 been	
observed.	 Isolates	 of	M. incognita	 race	 2	 and	 3,	 which	 parasitize	






Overall,	we	 provided	 here	 additional	 evidence	 for	 adaptability	
and	the	first	whole‐genome	level	assessment	for	the	lack	of	recom‐




reproduction	 and	 the	 lack	 of	 phylogenetic	 signal	 underlying	 the	
host	races	have	important	practical	implications	at	the	agricultural	
level.	Characterizing	populations	 that	differ	 in	 their	 ability	 to	 in‐








strategies	 and	 must	 be	 taken	 into	 account	 in	 rotation	 schemes.	
Furthermore,	 the	 biological	 reality	 of	 host	 races	 themselves	 is	
challenged	by	 the	 lack	of	underlying	genetic	 signal.	Actually,	 the	
initial	 host‐race	 concept	 has	 never	 been	 universally	 accepted,	 in	
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part	because	it	covered	only	a	small	portion	of	the	whole	potential	
variation	 in	parasitic	ability	 (Moens	et	al.,	2009).	Although	M. in‐
cognita	was	already	known	to	parasitize	hundreds	of	host	plants,	
only	 six	 different	 host	 standards	were	 used	 to	 characterize	 four	
races.	New	host	races	might	be	defined	in	the	future	when	includ‐
ing	additional	hosts	in	the	differential	test.	Furthermore,	using	the	
same	six	initial	host	plant	species,	two	additional	M. incognita races 
that	did	not	fit	into	the	previously	published	race	scheme	have	al‐
ready	been	described	 (Robertson	et	al.,	2009).	Although	 the	 ter‐
minology	“races”	of	Meloidogyne	spp.	has	been	recommended	not	
to	be	used	since	2009	(Moens	et	al.,	2009),	several	papers	related	











What	 level	 of	 intraspecific	 genome	polymorphism	 is	 required	
to	cover	the	different	ranges	of	host	compatibilities	in	M. incognita 
and	their	ability	to	survive	in	different	environments,	despite	their	
clonal	 reproduction?	 In	 this	 study,	we	 found	 that	 the	 cumulative	
fixed	divergence	across	the	eleven	isolates	from	Brazil	and	the	ref‐
erence	 genome	 (sampled	 initially	 from	Mexico)	 reached	 ~	 0.02%	









cific	 SNPs	 in	 the	 future.	 Similarly,	 there	were	 no	 disruptive	 vari‐




Collectively,	our	observations	indicate	that	M. incognita is ver‐
satile	and	adaptive	despite	 its	 clonal	mode	of	 reproduction.	The	
relatively	low	divergence	at	the	SNV	level	suggests	acquisition	of	
point	and	short‐scale	mutations	 followed	by	selection	of	 the	 fit‐









has	 multiplied	 by	 more	 than	 100	 its	 original	 area	 of	 repartition	
across	 Madagascar,	 adapting	 to	 different	 environments	 despite	
showing	 a	 surprisingly	 low	 number	 of	 nucleotide	 variation	 (only	
~400	SNV	on	a	~3	Gb	genome	representing	a	proportion	of	vari‐
able	positions	of	1.3	×	10−7	only).	This	also	led	the	authors	to	sug‐
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